The synthesis of the novel indoxyl glycosides of N-acetyl-lactosamine (X-LacNAc) and N-acetylisolactosamine (X-LNB) is reported employing glycosyl chlorides in a facile phase transfer glycosylation, followed by mild decarboxylation and finally deacetylation. Correspondingly the ortho-nitrophenol and para-nitrophenol glycosides of LacNAc and LNB could be obtained.
Introduction
N-Acetyl-lactosamine (LacNAc, Galb1-4GlcNAc) and N-acetylisolactosamine (LNB, Galb1-3GlcNAc) are integral parts of biologically very important glycostructures. Both represent essential subunits of complex milk oligosaccharides 1,2 as well as of antigens [3] [4] [5] and glycoconjugates.
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Access to samples or intermediates of complex glycostructures is still rather difficult. The chemical synthesis of complex saccharide structures is loaded with barriers, regarding protecting group chemistry as well as control of stereo-and regio-chemistry. Enzymatic syntheses need fewer steps, are oen highly stereo-and regio-selective and are therefore superior if available. Thus, these approaches complement the array of methods, however, oen enzymes are not available or difficult to isolate, purify or handle.
A convenient method for screening of glycosidases as well as transglycosidases is to use indoxyl glycosides (Fig. 1 ). Indoxyl is released by enzymatic cleavage of the glycosidic linkage and then rapidly oxidized, e.g. by atmospheric oxygen, to an indigo type dye. Common substrates are halogenated, as the substitution pattern determines colour and physical properties of the resulting indigo dye. The most common pattern of indoxyls are 5-bromo-4-chloro, 5-bromo and 5-bromo-6-chloro derivatives. 8 Nitrophenol glycosides in turn are widely utilised compounds for activity measurements and are employed as convenient donor substrates in enzymatic syntheses.
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Here we wish to report convenient syntheses of novel indoxyl glycosides of N-acetyl-lactosamine (X-LacNAc) and N-acetyl-isolactosamine (X-LNB), as well as the synthesis of para-nitrophenyl and ortho-nitrophenyl glycosides of both disaccharides.
The peracetates of LacNAc and LNB were converted into the corresponding glycosyl chlorides. The crude products could be used aer washing directly without further workup for phase transfer glycosylation with the respective nitrophenol acceptor. The oNP and pNP glycosides were obtained aer Zemplén deacetylation 13 in good overall yields. Preparation of the indoxyl glycosides followed our recently developed approach. In a phase transfer glycosylation indoxylic acid allyl esters were used as acceptors, followed by selective mild silver mediated decarboxylation and nally Zemplén deacetylation.
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Results and discussion
The synthetic route for the preparation of LNB-oNP/pNP (5a/b) and LacNAc-oNP/pNP (5c/d) is summarized in Scheme 1.
The peracetates 2a/b were treated with acetyl chloride and methanol under argon atmosphere to give the glycosyl chlorides 3a/b. These donors were dried and washed to remove acetyl chloride, and were then subjected to phase transfer glycosylation without further workup to yield peracetylated LNB-pNP (4a, 40%), LNB-oNP (4b, 34%), LacNAc-pNP (4c, 45%), LNB-oNP (4d, 44%) via two steps. Finally, the acetyl protecting groups were removed by Zemplén deacetylation. 13 In case of 5d the reaction mixture needed to be kept at 45 C overnight to achieve complete deacetylation. All glycosides crystallised during deacetylation and were washed aer ltration with a small amount of cold methanol to give very pure 5a-d in good yields. The synthesis of the indoxyl glycosides 8a/b was again based on the conversion of the respective peracetate 2a or 2b to the crude glycosyl chlorides 3a/b. Phase transfer glycosylation under common phase transfer conditions gave 6a (46%) and 6b (45%). Then selective allyl ester deprotection with Pd(PPh 3 ) 4 and morpholine in THF 16 followed by mild silver mediated decarboxylation 14, 15 gave the acetylated glycosides 7a (85%) ad 7b (62%). Finally Zemplén deacetylation 13 was used to give the novel indoxyl glycosides X-LNB in 75% and X-LacNAc in 73% yield.
Conclusions
Within this work we could elaborate facile syntheses of novel indoxyl glycosides X-LAcNAc and X-LNB as well as the corresponding ortho-and para-nitrophenyl glycosides of LacNAc and LNB. Both reaction pathways could be carried out in good yields, employing facile phase transfer glycosylation of the crude glycosyl chloride donors, straight forward workup and crystallization.
Experimental section
General remarks
All reagents were purchased from commercial sources and used as received. TLC was performed on Merck silica gel 60 F 254 plates. Compounds were detected by UV and/or by treatment with EtOH/H 2 SO 4 (9 : 1) and subsequent heating. Column chromatography was performed with Merck/Fluka silica gel 60 (230-400 mesh). Solvents for column chromatography were distilled prior to use. 1 
General procedures
General procedure 1. Glycosyl chlorides. A solution of the peracetylated disaccharide (1.0 mmol) in acetyl chloride (7.0 mL) was kept at 0 C under argon atmosphere. Dry methanol (1.0 mL) was added dropwise over a period of 3 hours. Aer nal addition, the solution was allowed to warm slowly to room temperature and stirred until TLC (heptane/acetone 3 : 7) indicated no further reaction. The solvent was removed under reduced pressure and the crude product was dissolved in DCM, concentrated again and washed with of diisopropyl ether (25 mL). The product was used directly according to general procedure 2 without further workup. General procedure 2. Phase transfer glycosylation. The crude glycosyl chloride (1.0 mmol), TBAHS (1.0 equiv.) and the respective acceptor (1.0-1.1 equiv.) were mixed in DCM (10-15 mL) and an aqueous solution of K 2 CO 3 (12.5 mL, 1 M) was added. The reaction mixture was stirred at room temperature until TLC indicated complete consumption of the donor. The organic phase was separated, dried over Na 2 SO 4 , and the solvent was removed under reduced pressure. The crude product was subjected to column chromatography in the solvent stated.
General procedure 3. Zemplén deacetylation. The starting material (1.0 mmol) was dissolved in MeOH (15-20 mL) and was treated with a catalytic amount of sodium methoxide. The solution was stirred until TLC indicated complete consumption of the starting material. If the product has precipitated during this time it was ltered off, otherwise the solution was neutralised with Amberlite IR-120 (H + ) resin and concentrated.
The product was dried at 40 C under high vacuum.
General procedure 4. Allyl ester deprotection and subsequent decarboxylation. The starting material (1.0 mmol) dissolved in THF (15 mL) was treated morpholine (10 equiv.) and Pd(PPh 3 )4 (0.1 equiv.). The solution was stirred overnight at room temperature. Aer removal of the solvent silver acetate (3 equiv.), potassium carbonate (6-7 equiv.) and acetic anhydride (10 mL) were added. The resulting mixture was heated to 90-95 C for 15-20 min. Aer cooling to room temperature, the mixture was diluted with water and DCM. The organic phase was washed twice with water and once with a diluted aqueous NaHCO 3 solution. Aer drying (Na 2 SO 4 ) the solvent was removed under reduced pressure and the crude product was subjected to column chromatography in the solvent stated. 1 H-NMR (400 MHz, 
Prepared according to general procedures 1 and 2. (1) 
4-Nitrophenyl 2-acetamido-2-deoxy-4-O-(b-D-galactopyranosyl)-b-D-glucopyranoside (5c
(N-Acetyl-5-bromo-4-chloro-indox-3-yl) 2-acetamido-3,6-di-O- acetyl-2-deoxy-4-O-(2,3,4,6-tetra-O-acetyl-b-D-galactopyranosyl)- b-D-glucopyranoside (7b
